A nterior cervical diskectomy and fusion (ACDF) is one of the most common operations in spinal surgery. 1, 2 With the advancement of the surgical techniques and instruments, the selection of surgical candidates has become robust as well, as evidenced by the increased age and associated comorbidities in patients undergoing this procedure. 2 As such, research of factors that may portend an increased risk of complications in this patient population remains an area of great importance.
Resident training and its impact on patient safety and quality measures have been a recent topic of debate. This has been fueled by the work-hour restrictions and reluctance of some patients to have residents participating in their surgery. 3, 4 Numerous studies were conducted to elucidate the relationship between resident involvement and postoperative complications with conflicting results. [5] [6] [7] [8] [9] [10] [11] [12] Several studies have demonstrated that resident involvement was not a risk factor for increased complications in neurosurgery, orthopedic surgery, or urology. [5] [6] [7] [8] Meanwhile, other studies have shown increased operative durations and post-operative complications when residents were involved in surgery. [9] [10] [11] [12] From the In ACDF, resident participation in the operating room occurs early on and continues through their senior years of training. 13 Currently, there is a paucity of data establishing the relationship between resident participation and perioperative complications in patients undergoing ACDF. Using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP), a nationally validated multiinstitutional database, we attempted to determine if any degree of resident involvement in the operating room has any impact on surgical outcomes in ACDF patients.
MATERIALS AND METHODS

ACS-NSQIP Participant Use Data File
The ACS-NSQIP is a prospectively maintained, riskadjusted surgical outcomes registry that contains clinical data for over 2.9 million patients across the country. All data is tracked for a 30-day window after the index procedure. The details of the database had been previously described. [14] [15] [16] In brief, cases are systematically selected in 8-day cycles, after which trained clinical reviewers collect patient and operative variables from more than 480 privatesector institutions using standardized definitions. The collected data is deidentified to comply with the ACS-NSQIP participant user agreement. To ensure data reliability, the database is subject to regular interrater audits, which reported interobserver disagreement rate to be 1.56%. 17 
Patient Selection
We used the primary Current Procedural Terminology (CPT) codes 22551, 22554, and 63075 to retrospectively review the 2006-2013 ACS-NSQIP database and identified all patients who underwent a single-level ACDF. Cases with the primary CPT code 63075 (anterior cervical diskectomy without fusion) with no concurrent fusion CPT codes were excluded. Cases with the CPT codes for the following procedures were also excluded: posterior approach, multilevel, thoracic/lumbar, revision or removal of implant, transoral, and spinal deformity. Finally, cases were excluded because they were emergent; did not provide information on resident involvement; did not provide pertinent demographic information including sex, height, or weight; lacked comorbidity profile; or length of hospital stay was greater than 365 days. The final dataset was then subdivided into nonresident and resident cohorts.
Study Demographics and Outcomes
Patient demographics, comorbidities, and operative characteristics were tracked to analyze baseline differences between the cohorts and to identify potential confounders. Demographics included age, body mass index (BMI), sex, and race. Analyzed medical comorbidities included diabetes, dyspnea, dependent functional status, history of chronic obstructive pulmonary disease (COPD), current pneumonia, history of congestive heart failure (CHF) within 30 days of operation, history of myocardial infarction (MI), previous percutaneous coronary intervention (PCI) and/or cardiac surgery, hypertension requiring medication, hemiplegia and/or paraplegia and/or quadraplegia, history of transient ischemic attack (TIA) and/or stroke, preoperative open wound and/or wound infection, chronic steroid use, bleeding disorders, >10% body weight loss within 6 months of operation, chemotherapy within 30 days of operation, radiotherapy within 90 days of operation, and previous operation within 30 days of the index operation. Alcohol use (>2 drinks/day for 2 weeks preceding the index procedure) and smoking history (within 1 year of operation) were included as lifestyle variables.
In this study, 30-day postoperative complications were categorized as overall, surgical, and medical complications. Overall complications were defined as having any surgical and/or medical complications. Surgical complications included surgical site wound infection (SSI) by location (superficial, deep, and/or organ/space), and wound dehiscence. Medical complications were defined as complications related to medical conditions that developed from nonsurgical causes and included: (1) cardiovascular (cardiac arrest, myocardial infarction, or stroke); (2) pulmonary (pneumonia, unplanned reintubation, or ventilator-assisted respiration for over 48 hours); (3) coma or peripheral nerve damage; (4) renal (progressive renal insufficiency or acute renal failure); (5) thromboembolic (deep vein thrombosis DVT or pulmonary embolism); (6) septic (sepsis or septic shock); and (7) urinary tract infection. Reoperation is defined by ACS-NSQIP as a return to the operating room within 30-days of the index procedure for intervention of any kind. Major outcomes of interest in this study included overall/surgical/medical complications, reoperations, mortality, and length of total hospital stay (LOS).
Statistical Analysis
IBM SPSS Statistics version 20 (IBM Corp, Armonk, NY) was utilized to perform all descriptive and comparative statistics. We first compared unadjusted variables between the nonresident and resident cohorts. Categorical variables were analyzed by using Pearson x 2 test or Fisher exact test where appropriate. Continuous variables were analyzed by using student's t test or Mann-Whitney U test when needed. To account for the nonrandom assignment of patients between the two cohorts, a propensity score matching analysis was employed. The propensity score matching allows for an improved estimate of the treatment effect by balancing observed covariates simultaneously between groups. The details and description of propensity score matching in its applied context are published elsewhere. [18] [19] [20] Briefly, we created a nonparsimonious logistic regression model in which to derive the propensity scores. The matching algorithm used for this study was 1:1, nearest neighbor matching without replacement in which each nonresident case was matched to unique resident case based on nearest propensity scores. Units outside of common support were discarded from both cohorts for improved balance of covariates. The optimal caliper width was determined by calculating 0.2 of the standard deviation of the logit of the propensity score. 21 This procedure yielded 1003 wellmatched nonresident and resident pairs. Model adequacy was validated by comparing the significance and standardized mean difference of propensity scores between the pre-and postmatched sample. A total of 28 variables were balanced which included all of aforementioned perioperative variables except operative duration and LOS. Operative duration was not included because it was deemed as a function of resident proficiency. The measured perioperative data and outcomes in the matched population were analyzed using paired t test or Wilcoxon signed-rank test for continuous variables and McNemar's test for categorical variables. We then performed two independent series of multivariate logistic regression analyses using both the unadjusted and propensity-matched dataset. For each regression model, candidate variables were identified via univariate screening from which pre-and intraoperative variables with P < 0.2 and 10 or more occurrences were selected. To assess the effect of resident involvement on outcomes, the final regression models were constructed by including the candidate variables for adjustment. HosmerLemeshow statistics and C-indices were calculated for each regression model to measure its goodness of fit and discriminative ability, respectively. For all tests, significance was defined at P < 0.05.
RESULTS
Unadjusted Patient Population
Of the patients initially identified and retrieved from the 2006 to 2013 ACS-NSQIP database, a total of 3265 patients met inclusion criteria. The nonresident and resident cohort consisted of 2250 and 1015 patients, respectively. The clinical characteristics between the cohorts were similar in general with a few exceptions ( Table 1 ). The nonresident cohort had greater mean BMI (P ¼ 0.008), greater proportion of Caucasian race (P < 0.001), and greater percentage of patients with baseline dyspnea (P ¼ 0.017). The resident cohort, however, had greater proportion of patients who received chemotherapy within 30 days of the index procedure (P ¼ 0.030). Operative characteristics differed significantly between the cohorts ( Table 2 ). The resident cohort consisted of greater proportion of inpatients (P < 0.001); had greater mean LOS (P < 0.001); required significantly longer operative duration (P < 0.001); and had more patients in ASA class 3 or 4 (P ¼ 0.001).
Propensity Score-Matched Population
Propensity score matching yielded 1003 well-matched nonresident and resident pairs. The mean standard differences of propensity scores before and after the matching procedure were 0.37 and 0.025, respectively. The caliper width used for matching algorithm was 0.175. After propensity score matching of two cohorts based on 28 clinical variables, no variables were significantly different with exception of operative duration (Table 2) . Even after matching, the resident cohort required significantly longer operative duration compared to the nonresident cohort (160 AE 79 vs. 120 AE 72 mins, P < 0.001).
30-Day Outcomes
Thirty-day complication rates for the nonresident and resident cohorts were tracked and compared for both unadjusted and propensity-score matched patients (Table 3) . Univariate analysis of the unadjusted population demonstrated after complication rates for the nonresident and resident cohort, respectively. Overall complication rate of 2.4% and 2.8%; surgical complication rate of 0.7% and 0.3%; medical complication rate of 1.8% and 2.6%; mortality of 0.1% and 0.3%; and reoperation rate of 1.3% and 1.7%. Of all of the complications analyzed, the resident cohort demonstrated significantly higher rate of cardiac arrest (P ¼ 0.035) and DVT (P ¼ 0.013). Univariate analysis of matched patients revealed no statistically significant differences in any of the outcomes studied. The LOS was significantly longer for the resident group before matching; however, this difference was abolished after optimization of preoperative and operative variables (P ¼ 0.778).
Multivariate Analysis
To estimate the impact of any degree of resident involvement as an independent risk factor for postoperative complications, a series of multivariate logistic regression models were constructed that controlled for potential confounders (Table 4) . Our multivariate analysis revealed that resident involvement alone did not increase the risk of overall complications after single-level ACDF surgery in either the unadjusted (odds ratio, OR 0.84, 95% CI 0.52-1.36, P ¼ 0.468) or the propensity score-matched population (OR 0.88, 95% CI 0.50-1.55, P ¼ 0.651). Similarly, further regression models revealed that resident involvement was not associated with an increased risk of medical complications (unadjusted OR 1.07, 95% CI 0. 
DISCUSSION
Advancement of anesthesia, surgical techniques and technologies has broadened indications for ACDF and eligible patient population. 22, 23 However, ACDF is still associated with a nonnegligible risk for postoperative complications. 24, 25 Identification and optimization of potential risk factors, such BMI indicates body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CS, cardiac surgery; EtOH, alcohol; MI, myocardial infarction; PCI, percutaneous coronary intervention; SD, standard deviation; TIA, transient ischemic attack.
as resident involvement, could provide greater insight into patient safety and surgical outcomes. The role of the residents was not captured in ACS-NSQIP. Our regression analysis of unadjusted cohort revealed that any degree of resident involvement was not a risk factor for overall/ medical/surgical complications, cardiac arrest, or mortality. Resident involvement, however, was associated with a significantly increased risk for DVT after ADCF. After implementing propensity score matching which allowed us to analyze cohorts with very similar clinical characteristics, our regression models demonstrated that resident involvement was not a risk factor for DVT or any of the studied complications. Operative duration was significantly increased in resident cohort in both the unadjusted and propensity score-matched data. Thus, we hypothesize that increased operative duration and baseline comorbidities may have attributed to the development of DVT in our unadjusted data. However, when patient characteristics were matched among the cohorts, increased operative duration in resident cohort may have not been clinically significant to cause significantly increased incidence of DVT.
A plethora of literature exists which concluded that resident participation in the operating room does not impart greater risk for complications, despite requiring longer operative time. Matulewics et al 7 analyzed a total of 40,001 patients requiring urologic procedures and found that resident involvement was not a predictor for any complications after propensity score modification. Similarly, in a study by Lim et al, 5 which investigated over 8,000 patients in neurosurgery service, demonstrated that resident cases were generally longer in operative duration, but resident participation had no impact on postoperative complications. Of particular interest, Edelstein et al 8 who studied over 30,000 orthopaedic patients from the ACS-NSQIP, concluded that resident involvement in the operating room is even protective in the setting of comprehensive orthopaedic procedures. In ACDF, Stienen et al 26 first attempted to elucidate the relationship between resident training and postoperative outcomes. They found that patient outcomes were comparable between the residents and senior surgeons. However, this retrospective singlecenter study is limited by its small sample size and lack adequate risk-adjusted analysis. Our analysis adds to the current literature, by incorporating multicenter data from across the country, and reveals that resident involvement does not impart greater risk for 30-day complications nor prolonged length of hospital stay after propensity score adjustment.
A number of studies, however, reports an increased risk of morbidity when residents were involved in select procedures, particularly those that utilize laparoscopic techniques.
12,27,28 Advani et al 27 studied 16,849 well-matched patients from the 2005-2008 ACS-NSQIP who underwent laparoscopic appendectomy for uncomplicated appendicitis. They concluded that resident involvement resulted in higher incidence of serious and overall morbidity, whereas requiring significantly longer operative times. Similarly, a multicenter bariatric surgery study by Krell et al 12 also concluded that when residents were involved in 17,057 cases of laparoscopic gastric bypass, it significantly increased the risk of wound complications and venous thromboembolism. The authors raise a concern for improved resident proficiency in laparoscopy, which is also emphasized by Gorgun et al 28 whom demonstrated resident involvement to be a risk factor for prolonged hospital stay after laparoscopic colorectal surgery.
Although existing literature reports conflicting results regarding the impact of resident involvement on patient outcomes, one surgical risk factor that is consistently being cited is operative duration. Longer operative duration has been known to be associated with increased rates of venous thromboembolism, particularly DVT. 29, 30 The risk of DVT is inherent in patients undergoing spine surgeries as well with historically reported rates ranging from 0.3% to 31%. [31] [32] [33] [34] [35] Our analysis also confirms the findings from existing literature by reporting significantly longer operative duration in the resident cohort. In addition, our multivariate analysis of unadjusted data showed a significant association between resident involvement and development of DVT. When confounding effect was minimized via propensityscore matching, increased operative duration was still observed in the resident cohort. However, resident involvement was no longer associated with a statistically significant increase in the risk for DVT (P ¼ 0.085). Krell et al 12 opined that resident involvement and its increased association with wound infection and venous thromboembolism may have been mediated in part by longer operative duration. Likewise, we suspect that prolonged operative duration by the residents may have attributed to DVT in our unadjusted analysis. However, as evidenced in our propensity scorematched data, increased operative duration alone may not be the only risk factor for clinically significant DVT in ACDF. This study has several limitations that are inherent in the use of the ACS-NSQIP database. Although we attempted to reduce confounding with propensity score matching and multivariate logistic regression, they cannot be completely eliminated. This study is also limited by our inability to completely adjust for variables that are not captured (e.g., number of residents in the OR, degree of resident participation). Degree of resident and attending participation could provide means of improved risk stratification. In addition, the database only captures 30-day postoperative outcomes, limiting our ability to assess long-term patient outcomes related to care provided by residents. Lastly, specific clinical endpoints that are pertinent to spine surgeons, such as functional outcomes, are not available in ACS-NSQIP.
CONCLUSION
Resident training is an integral part of academic medicine that has come under increasing scrutiny. In this populationbased study, we find that any degree of resident involvement resulted in longer operative duration. However, longer operative duration in the setting of ACDF did not have a measurable impact on short-term patient outcomes or LOS. This is the first large scale, risk-adjusted multicenter study that investigated the relationship between resident involvement and patient outcomes in patients undergoing ACDF. Strategies to improve residents' technical proficiency outside of the operating room may further enhance patient safety and outcomes.
Key Points
Currently, there is a paucity of multicenter data that describes the relationship of resident involvement and patient outcomes in single-level ACDF.
We reviewed 3265 surgical cases using the ACS-NSQIP database by utilizing propensity scorematching technique to improve the estimate of the impact of resident involvement on 30-day complication rates and LOS. In multivariate analysis, which controlled for numerous potential confounders, resident involvement was not associated with an increased risk for overall complications, medical complications, surgical complications, cardiac arrest, deep vein thrombosis, mortality, or increased LOS. Resident involvement, however, was associated with an increased operative duration. In summary, for patients undergoing single-level ACDF, resident involvement does not impart greater risk for 30-day postoperative complications or increased LOS. 
